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SEMICONDUCTOR INTEGRATED CIRCUIT
FOR USE AS A TWO-MODULUS
PRESCALER

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor inte-
orated circuit suited for a two-modulus prescaler used in
high frequency.

DESCRIPTION OF THE RELATED ART

A conventional two-modulus prescaler having two fre-
quency dividing ratios 1s used for attaining high speed
frequency dividing operations and reducing consumption
current 1n a frequency synthesizer or the like of a radio
receiver, as disclosed 1n Japanese Patent Laid-Open Publi-
cation No. 61-62232. FIG. 1 shows a conventional two-
modulus prescaler having a frequency dividing function
4x2"/4x2"+1(n=0 or an integer of 1 or more; %5, %6, . . . ).
As shown 1n FIG. 1, the two-modulus prescaler comprises
three master-slave D flip-flops (hereinafter “DFFs”) 201,
202 and 203, two T flip-flops (hereinafter “TFFs”) 204 and
205, two NOR gates (hereinafter “NORs™) 206 and 207, and
an OR gate (hereinafter “OR”) 208. A signal to be divided
1s mput to clock terminals CLs of the DFFs 201 to 203 and
a divided signal 1s output from an output terminal Q of the
TFF 205. This two-modulus prescaler operates as a fre-
quency divider of Vis or ¥17. The frequency dividing ratios

can be changed by switching the levels High/Low of a
modulus control signal MC to be fed to the OR 208. Three

DFFs 201 to 203 act as a frequency divider of % or 5
depending on the level of the modulus control signal MC.

FIG. 2A shows two NORs 206 and 207 and a master part
201IM of the DFF 201 in the two-modulus prescaler (an
equivalent circuit of FIG. 2B). In FIGS. 2A and 2B, a broken
line circuit corresponding to the NORs 206 and 207 directly
contacts a constant current source of the master part 201M

of the DFF 201 and i1s built in the DFF 201.

In FIG. 2A, FET T101/T101a, T102/1T102a and T103/
11034, whose sources are coupled 1 common, are con-
nected stepwise and constitute load transistors of a driver
transistor 1104 linked to a signal input terminal 101. The
sources coupled mn common of FET T104/T104a 1s con-
nected to a constant current source 111 via FET Tg for the
constant current source. The drains of FET T101/1T101a are
connected to respective ends 108 and 1084 of resistors R101

and R102.

In the circuit shown 1 FIG. 2A, signals to be input to
terminals 104, 105 and 106 have mverting phases of those
input to terminals 104a, 1054 and 106a, and the circuit

operates so that FET 1T102a 1s OFF when FET T101 1s ON.

FIG. 3 shows another conventional two-modulus pres-
caler having a frequency dividing function 5x2"/5x2"+1
(n=0 or an integer of 1 or more; ¥, %1, 2%%1, . . . ). In FIG.
3, the two-modulus prescaler 1s constituted by a DFF 301

including a NOR as a composite circuit of the DFE, two
DFFs 302 and 303, and a NOR 304. A signal to be divided

1s 1put to the clock terminals CLs of the DFFs 301 to 303,
and, while controlling the change of the frequency dividing
rat10s using the modulus control signal MC fed to one 1nput
terminal of the NOR 304, a divided signal having a fre-
quency dividing ratio % or % 1s output from an output
terminal Q of the DFF 303. A negative logic output Qof the
DFF 302 1s fed back to another mput terminal of the NOR
304, and a positive logic output Q 1s fed back to one input
terminal of the NOR within the DFF 301. The DFF of the
DFF 301 including the NOR, and the DFFs 302 and 303 are

the master-slave D flip-tlops and are coupled in series.
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2

In FIG. 3, when the modulus control signal MC 1s high,
the output of the NOR 304 1s always low to carry out the V6
frequency dividing. In this case, the maximum operational
frequency {___ of the two-modulus prescaler 1s obtained as
follows:

fnax=1/(2 T,4DFF)) (1)

In this formula, T, ADFF) represents the operation time of
one DFF used as the master or the slave 1in the DFF 301
including the NOR and the DFFs 302 and 303. In this case,
cach DFF 1s operated by the same clock signal and the
operation time of each DFF 1n the whole circuit 1s the sum
of the time of the master part and the slave part. This total
time does not include the delay of the operation time of the
NOR 304 to output a constant value.

On the other hand, when the modulus control signal MC
1s low, the NOR 304 operates as an mverter and an inverted
pulse string 1s output from the negative logic output Qof the
DFF 302, thereby performing a Y5 frequency dividing. In
this case, different from a %6 frequency dividing, the entire
operation time includes the operation time T, ANOR) of the
NOR 304 and the maximum operational frequency f, __ of
the two-modulus prescaler 1s obtained as follows:

f0e=1/(2 T,(DFF)+T,(NOR)) (2)

As described above, 1n the two-modulus prescaler having
the frequency dividing function 5x2"/5x2 +1 (n =0 or an
integer of 1 or more), the maximum operational frequency
f___ 1s different depending on the frequency dividing ratio.

FH L

When the NOR 304 operates as the inverter 1n the s
frequency dividing, the circuit operation 1s delayed by the
operation time of the NOR 304, and the high speed fre-
quency dividing obtained 1n the 6 frequency dividing
cannot be attained.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a semiconductor mtegrated circuit 1n view of the aforemen-
tioned disadvantages of the prior art, which 1s capable of
operating a high speed frequency dividing 1n a two-modulus
prescaler having a frequency dividing function 5 x2%/5x
2"+1 (n=0 or an integer of 1 or more).

In accordance with one aspect of the present invention,
there 1s provided a semiconductor integrated circuit, com-
prising a frequency divider for carrying out a frequency
dividing either 1/(5x2™) or 1/(5x2"+1)(n=0 or an integer of
1 or more) of an input signal according to a switch signal;
and a controller for changing operation states of the fre-
quency divider by the switch signal, the controller being
constituted by a level shifter.

In a semiconductor integrated circuit, the controller pref-
erably mncludes a constant current source, a switching circuit
connected 1n parallel with the constant current source, and a
load circuit of the switching circuait.

In accordance with another aspect of the present
invention, there i1s provided a semiconductor integrated
circuit, comprising a frequency divider for carrying out a
frequency dividing either 1/(5x2") or 1/(5x2"+1)(n=0 or an
integer of 1 or more) of an input signal according to a switch
signal; and a controller for changing operation states of the
frequency divider by the switch signal, the frequency divider
being constituted by a D flip-flop circuit, the controller being
constituted by two slave circuits within the D {flip-flop
circuit, an operation state of one of the two slave circuits
being changed by the switch signal to change frequency
dividing ratios.
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In this semiconductor mtegrated circuit, a NOR circuit
(NOR 304) is replaced with a controller having no delay,
resulting 1n attaining a high speed frequency dividing opera-
fion which 1s expressed by the maximum operational fre-
quency I___ of the two-modulus prescaler 1s obtained as
follows:

fnax=1/(2T ,(DFF))

FREX

(1)
BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present inven-
tion will become more apparent from the consideration of
the following detailed description, taken in conjunction with
the accompanying drawings, 1n which:

FIG. 1 1s a block diagram showing a conventional two-

modulus prescaler having a frequency dividing function
42" /4x2"+1;

FIG. 2A1s a circuit diagram showing a circuit structure of
a combination of a DFF 201 and NORs 206 and 207 shown
in FIG. 1, which 1s an equivalent circuit of FIG. 2B;

FIG. 3 1s a block diagram showing a conventional two-

modulus prescaler having a frequency dividing function
5x2"/5x2"+1;

FIG. 4 1s a block diagram showing a semiconductor
integrated circuit suited for a two-modulus prescaler having
a frequency dividing function 5x2"/5x2"+1 (n=0or an inte-
ger of 1 or more) according to a first embodiment of the
present invention;

FIG. § 1s a timing chart showing an operation of the
semiconductor integrated circuit shown 1n FIG. 4;

FIG. 6A 1s a block diagram showing a semiconductor
integrated circuit suited for a two-modulus prescaler accord-

ing to a second embodiment of the present mmvention and
FIG. 6B 1s a circuit diagram of a DFF 20 shown 1 FIG.

6A;and

FIG. 7 1s a timing chart showing an operation of the
semiconductor integrated circuit shown 1n FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, there 1s shown 1n FIG. 4
a semiconductor mtegrated circuit suited for a two-modulus
prescaler having a frequency dividing function 5x2"/5x2"+1
(n=0 or an integer of 1 or more; 1n this case, n=0) according
to a first embodiment of the present invention.

In this embodiment, the two-modulus prescaler comprises
three cascaded DFFs (D flip-flops), that is, a DFF 1 com-

posed of a DFF 10 and a NOR 11, and two DFFs 2 and 3,
an emitter follower circuit, connected to an output terminal
Q, of the DFF 2, including a transistor 4 and a resistor 5, a
constant current source 6 coupled between the resistor 5 and
a ground, and a combination of a transistor 7 and a resistor
8 connected 1n series, coupled 1n parallel with the constant
current source 6 between the resistor 5 and the ground. A
signal to be frequency-divided 1s 1mput to clock terminals
CLs of the three DFFs 10, 2 and 3 and each DFF 1s of a
master-slave type.

An output terminal Q; of the DFF 3 1s connected to one
input terminal of the NOR 11 and the contact point between
the resistor § and the constant current source 6 1s connected
to the other input terminal of the NOR 11 to send a feedback
signal (a). The collector of the transistor 4 is coupled to a
voltage source V__ and its, base 1s connected to an output
terminal Q. of the DFF 2. A modulus control signal MC for
switching frequency dividing ratios 1s input to the base of the
fransistor 7. An output terminal Q, of the DFF 10 1is
connected to an input terminal D, of the DFF 2 and the
output terminal Q, of the DFF 2 1s connected to an input
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4

terminal D of the DFF 3. A divided signal 1s output from the
output terminal Q. of the DFF 3.

In the foregoing two-modulus prescaler, the frequency
dividing ratios are changed by switching ON or OFF the
transistor 7 coupled in parallel with the constant current
source 6 using the modulus control signal MC.

The operation of the two-modulus prescaler shown 1n
FIG. 4 will be described 1n connection with FIG. 4 and FIG.
5. When the modulus control signal MC 1s high, a DC level
of the feedback signal (a) is reduced to become lower than
an input threshold level of the DFF 1 with the NOR (NOR
11). That 1s, a low level signal is input to one input terminal
of the NOR 11 to allow the NOR 11 to execute a switching
operation as an inverter. Hence, the output signal of the DFF
3 1s inverted 1n the NOR 11 and as a result, a % frequency

dividing operation 1s carried out, as shown 1n a timing chart
shown 1n FIG. §.

In the case that the modulus control signal MC 1s high,
assuming that a resistance value of the resistor 5 1s R and a
current value flowing in the transistor 7 in the conducting
state is I, a voltage drop amount AV (a difference between
potentials when the modulus control signal MC 1s high and
low) of the feedback signal (a) is expressed by AV=RxI.

On the other hand, when the modulus control signal MC
is low, the feedback signal (a) becomes equal to the output
signal Q. of the DFF 2. In other words, two feedback signals
are switched by the NOR 11, resulting 1n a 15 frequency
dividing operation, as shown 1n FIG. 5. In this case, there 1s
no inverter circuit, and the emitter follower circuit 1s con-
nected to the output of the DFF 2 in an inverted phase (Q
,—>Q,) of the conventional example.

In this embodiment, as described above, one NOR 1s
replaced with a level shift circuit to eliminate the operation
time difference between the V5 and 16 frequency dividings.
Further, the operation delay time produced by the NOR can
be removed with the result of a quicker operation compared
with the conventional prescaler.

FIG. 6A shows a semiconductor integrated circuit suited
for a two-modulus prescaler having a frequency dividing
function 5x2"%/5x2"+1 (n=0 or an integer of 1 or more)
according to a second embodiment of the present invention.

In this embodiment, the two-modulus prescaler has a
similar construction to that of the first embodiment shown 1n
FIG. 4, except that a second stage DFF 20 including one
master part (M) 20a and two slave parts (S, and S,) 205 and
20c coupled 1n parallel to the output of the master part 20a
1s provided 1nstead of the DFF2, the emitter follower circuit
including the transistor 4 and the resistor 5, the constant
current source 6, the transistor 7, and the resistor 8 in the first
embodiment. FIG. 6B 1s a circuit diagram of the DFF 20
shown 1 FIG. 6A. In this embodiment, the DFF 1 and the
DFF 3 are shown 1n their divided master and slave parts M
and S. That 1s, the first stage DFF 1 includes a DFF
composed of a master part (M) 10a and a slave part (S) 105
and a NOR 11, and a third stage DFF 3 includes a master part
(M) 3a and a slave part (S) 3b. Further, an input signal to be
mput to clock terminals of the DFFs 1s omitted for brevity.

In the two-modulus prescaler shown in FIG. 6A, positive
and negative outputs of the first stage DFF 1 with a NOR are
input to positive and negative input terminals of the second
stage DFF 20. In the DFF 20, an output Q, of the first slave
part 2006 1s mput to an 1nput terminal D, of the third stage
DFF 3. The second slave part 20c 1s switched by a modulus
control signal MC and 1ts output Q,' 1s 1nput to one 1nput
terminal of the NOR 11 of the DFF 1. An output Q, of the
third stage DFF 3 1s fed back to the other input terminal of
the NOR 11.

In the second slave part 20c, as shown in FIG. 6B,
collectors and emitters are connected 1in common 1n transis-
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tors T, and T, and transistors T; and T,, respectively, and
bases of the transistors T, and T, are set by changing
high/low levels of the modulus control signal MC 1nput via
a resistor R,. The output Q,' 1s taken out from one end of a
resistor R, connected to the collectors of the transistors T,
and T,. In FIG. 6B, T, to T, represent transistors, R,
represents a resistor, I, represents a constant current source,
and CL and CLcorrespond to a CL terminal and an mverted
input terminal, respectively.

In this embodiment, when the modulus control signal MC
is high (T, T, and T, are ON), a DC level of the feedback
signal Q,' drops lower than an mput threshold level of the
DFF 1 with the NOR. Hence, the output signal Q, of the
DFF 3 1s mnverted 1n the NOR 11 of the DFF 1, resulting in

operating a %6 frequency dividing, as shown 1n FIG. 7.
On the other hand, when the modulus control signal MC
1s low, the feedback signal Q' becomes equal to the output

signal Q. of the first slave part 20b. That 1s, the two 1nput
feedback signals switch 1n the NOR 11 of the DFF 1 to
operate for a %45 frequency dividing, as shown 1 FIG. 7.

In this embodiment, as described above, one NOR of the
conventional prescaler 1s replaced with two slave parts in
one DFF so as to switch 1ts state. Hence, similar to the first
embodiment described above, a quicker operation of the
circuit can be accomplished.

As described above, 1in the first embodiment, the maxi-
mum operational frequency turns out to be 1.4 times com-

pared with the conventional circuit shown 1n FIG. 3. That’s
why the NOR 304 shown 1n FIG. 3 1s replaced with a level

shift circuit. Further, 1n the second embodiment, the maxi-
mum operational frequency becomes 1.4 times that of con-
ventional circuit shown in FIG. 3. The reason 1s that the
second slave part 20c 1s provided istead of a circuit

corresponding to the NOR 304 shown in FIG. 3.

As described above, according to the present invention, 1n
a semiconductor mtegrated circuit suited for a two-modulus
prescaler having a frequency dividing function 5x 2"/5x
2"+1 (n=0 or an integer of 1 or more), a control circuit for
controlling to change frequency dividing ratios is constituted

by a level shift circuit or another slave circuit connected in
parallel with a conventional slave circuit so as to replace a
NOR conventionally required. Hence, 1n the frequency
diving of 5x2"/5x2"+1, an operation time difference due to
the frequency dividing ratios can be removed, and as a
result, a high speed frequency dividing operation can be
attained with respect to both the frequency dividing ratios.

While the present invention has been described with
reference to the particular illustrative embodiments, it 1s not
to be restricted by those embodiments but only by the
appended claims. It 1s to be appreciated that those skilled 1n
the art can change or modily the embodiments without
departing from the scope and spirit of the present invention.

What 1s claimed 1s:

1. A semiconductor integrated circuit, comprising:

a Irequency divider for selectively carrying out a fre-
quency division with at least two frequency dividing
ratios of an 1nput signal according to a switch signal;
and

a controller for changing operation states of the frequency
divider between said at least two frequency dividing
ratios utilizing said switch signal, the controller com-
prising a level shifter,

wherein said frequency divider comprises:

a first flip flop (FF) having a clock input for receiving
the 1nput signal to be divided and an output for
providing an output signal, said first FF receiving a
signal from a NOR gate having first and second
inputs,
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6

a second FF having an mput connected to receive the
output from said first FF and an output for providing an
output signal,

said level shifter having an input connected to receive the
output from said second FF and an output for providing
signal, said level shifter having a control mput con-
nected to receive said switch signal,

a third FF having an input connected to receive the output
from said second FF and an output for providing an
output signal which 1s the desired divided signal,

said first FF connected to receive said divided signal
through said first input of said NOR gate and said
output from said level shifter through said second 1nput
of said Nor gate.

2. A semiconductor integrated circuit as claimed 1n claim
1, wheremn the level shifter includes a constant current
source, a switching circuit connected in parallel with the
constant current source, and a load circuit connected in
serics with the switching circuit.

3. A circuit as recited 1n claim 1 wherein said first, second
and third FFs are D-type FFs, and said second and third
DFFs each have a clock input connected to receive said
clock signal.

4. A circuit as recited 1 claim 1 wherein the output signal
of said level shifter takes on a first state in response to one
condition of said switch signal causing said NOR gate to
operate as an 1nverter and a second state 1n response to
another condition of said switch signal, said second state
being the same state as the output signal of said second FF.

5. A circuit as recited 1n claim 1 wherein said at least two
dividing ratios are selected among groups 1/(5x2™) or 1/(5x
2"+1), where n is an integer greater than or equal to zero.

6. A semiconductor integrated circuit, comprising:

a frequency divider for selectively carrying out a fre-
quency division with at least two frequency dividing
ratios of an mput signal according to a switch signal,

wherein the frequency divider comprises:
a first DFF connected to a first slave circuit,
a second DFF Connected to said first slave circuit, and
a third DFF connected to a second slave circuit; and

a controller for changing operation states of the frequency
divider utilizing said switch signal,

wherein the controller comprises two slave circuits con-
nected to said second DFFE,

an output of a first of said two slave circuits connected to
an 1nput of said third DFF and an output of a second of

said two slave circuits connected to an input of said first
DFFE,

said second of said two slave circuit connected to receive
said switch signal and changing an output state thereot
in response to a change in condition of said switch
signal,

an operation state of one of the two slave circuits being

changed by said switch signal to change from one of
said at least two frequency dividing ratios to another of
said at least two dividing ratios.

7. A circuit as recited 1n claim 6 wherein said first DFF
further includes a NOR gate connected at the input thereof,
said NOR gate having a first input connected to receive said
output of said second of said two slave circuits and a second
input connected to receive an output of said third DFF.

8. A circuit as recited 1n claim 6 wherein said at least two
dividing ratios are selected among groups 1/(5x2™) or 1/(5x
2"+1), where n is an integer greater than or equal to zero.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

